This paper criticizes the current approach in psychophysics in interpreting the absolute or difference limen indices under the reciprocity relation for small values of t and under the constancy relation for large values of t, It reiterates Tayal's (1965) model, and demonstrates, by examining its empirical validity against reported data, that the phenomenon can be meaningfully interpreted under a single set of principles for the entire range of t values including the outcomes in the so-called critical duration. It demonstrates that the two apparently different mathematical relations do not signify any dichotomy at the level of receptor mechanism or functional processing; rather, they approximate a better articulated function which is capable of characterizing the phenomenon for the entire range of t values inclusive of the inexplicable critical duration "t e."
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When the retinal area of stimulation is kept constant, the function in which threshold luminance varies with duration is defined in terms of the reciprocity relation I· t = C for small durations up to 100 msec (Blondel & Rey, 1911; Davy, 1952; Graham & Margaria, 1935; Karn, 1936; Long, 1951; Rouse, 1952) , and by the relation I = C for larger values of t (Graham & Margaria, 1935; Karn, 1936; Mote, 1967) . Similar trends are discovered in the relation between difference limen (DL) and the durations of comparison stimulus pulse (Graham & Kemp, 1938; Herrick, 1956) .
The two mathematical relations to which empirical data conform at different ranges of values of t obviously look so different that no unity between them can be envisaged. This has given rise to assumptions which ascribe the two apparently different outcomes to the shifting of receptor functioning from the rod cells to the cone cells (Graham & Kemp, 1938; Graham & Margaria, 1935) or to some failure of the summation process beyond some critical duration "te" (Mote, 1967) . Such explanations, however, have little theoretical validity. It is borne out that the density function of impulses from single neurons follow a similar pattern with t as variant (Hartline, 1934 (Hartline, ,1938 .
The existing formulations suffer from another weakness; they are incapable of articulating the relation between the relevant variables in the intermediate range of t values. The functional character in this range is assumed to undergo some rapid transition from one set of principles of processing to another set of principles of processing. t in this part is simply described as some inexplicable critical duration, "t e." 40 This paper demonstrates that the apparently different reciprocity and constancy relations, one for small values of t and the other for large values of t, when interpreted correctly, do not indicate any change or shift in functional processing at the receptor level. The two empirically defined mathematical functions do not seem to describe the phenomenon truly. Rather, they represent simplified versions, as near approximations, of a more comprehensively defined function which is capable of interpreting it more meaningfully for the entire range of t values. This paper also demonstrates that it is not at all necessary to subscribe to the hypothesis of some inexplicable critical duration in the intermediate range of t values. The outcomes in this range seem to be as much governed by the same set of principles as the outcomes anywhere else on the t contnuum. Tayal (1965) , in an earlier publication, proposed that the intervening neural excitation might be conceived of as involving two opposing processes going on simultaneously: one, a positive process leading to an increment, and the other, a negative process leading to a decrement. The increment in neural excitation per unit of time is envisaged as being proportional to x", where X is the intensity of the stimulus input and n is some constant power of X, and the decrement per unit of time is conceived of as being proportional to the level of accumulated neural excitation at time t. The author examined the theoretical validity of his propositions for diverse psychophysical phenomena in his earlier publication. This paper reexamines the same model to demonstrate that the interpretations of absolute and difference limen with t as variant need a radical revision.
THEORETICAL CONSTRUCT
Under the proposed model, when X is the intensity of some stimulus input and Y is the level of neural excitation at any time t after the presentation of that stimulus,
where rand K are proportionality constants.
Integrating Function 1 and putting Y = Yo (the initial level of stimulation) when t = 0, we have where C' is a newly defined constant.
Equation 7 defines the relation between t and DX for difference limen under those experimental conditions in which the comparison stimulus pulse is superimposed on part of the existing visual field for a variable duration t.
The absolute limen is simply a particular case of difference thresholds where the awareness of the presence of some stimulus, in fact, refers to its comparison with no stimulation. When X = 0, Equation 7 reduces to
RECIPROCITY AND CONSTANCY RELATIONS UNDER THE FORMULATIONS
(2)
FUNCTIONAL RELATIONS FOR ABSOLUTE AND DIFFERENCE LIMEN
or that
Relation 6, in simplified form, can be expressed as Expressing ert/eft_I) as lI(l-e-rt) and expanding the exponential function, we find that the expression approximates lIrt when rt is small. To illustrate, when rt = .125, the difference between the more rigorously defined function and l/rt is of the order of only about 5.4%. In fitting either of the two functions to observed data within the domain of values of rt <.125 or even <.25, when best fitting values of the constants are chosen, the discrepancy in the error components between the two functions will be almost negligible; one function, therefore, could very well substitute for the other.
When 1/rt is substituted for the expression e rt/ (e rt -1) in Equation 8, and n the power of X is assumed to be equal to unity, the relation fully corresponds with the reciprocity relation defined for absolute limen. There is no restriction in the choice of the values of the parametric constants r; and n, Equation 8, therefore, can always be made to correspond with the reciprocity relation defined for small values of t. The proposed function is rather more general and would obviously show a better fit with observed data than the reciprocity relation for the phenomenon.
Similarly, for difference limen, when 1/rt is substituted for ert/(e rt -1) in Equation 7, and n, the power index, is assumed to be equal to unity, the relation fully corresponds with the reciprocity relation for small values of 1. Even when n"l-1 but X is fairly large in relation to DX, such that the second and higher order terms in the expansion of (1 + DX/X)n are ignored, Equation 7 will still conform to the reciprocity relation for small values of rt. Hence, assuming that the true phenomenon is articulated through the more rigorously defined function as proposed here, observed data will not materially deviate from the reciprocity relation both for absolute and difference limen in the range of small values of 1.
since e rt is fairly large. Let X + DX be the intensity of the comparison stimulus pulse which is presented for a duration t when the initial level of excitation is Yit and let Y2 be the level of neural excitation at time 1. Then, from Equation 2, e rt (X+DX)n-X n = C' " --, (7) e rt -1 Let X be the intensity of current stimulation which is assumed to be present in the visual field for a sufficiently long duration, and let Y. be the level of neural excitation before the onset of the comparison stimulus pulse. Then, under the proposed model, Let us further assume that for the awareness of a difference between Y. and Y2 at the experiential level, the difference between them exceeds some critical minimum level, C. For just noticeable difference between X and X + DX, therefore, tor cell prior to the onset of stimulus and "x" is the quantity which is catabolized by the light energy impinging on that cell in time 1. Assuming that there is no reformation of P back into S as a result of some reverse anabolic process, the velocity of chemical reaction at time t after the onset of stimulus is defined as where L is the intensity of the stimulus pulse, a the initial concentration of the light sensitive substance, x the quantity of the reaction product at time t, k, and k, velocity constants, and m a parametric constant. k 2 ' x n refers to that quantity of the reaction product which is either lost or used up in resynthesis .
Hecht further assumes that, when t is small the rate of accumulation of x can be presumed to be directly proportional to 1. Equation 10 therefore can be expressed as
Rearrangement of this expression yields where K. is a velocity constant and m denotes the order of reaction.
If, now, a reformation of P pack into S is assumed, the rate of reformation will depend on the concentration of x, the catabolized product. Thus, a back reaction will take place with a rate dx/dt = k 2 ' x», where k 2 is another velocity constant and n another constant denoting the order of reactions involved in the chemical reformation. Hecht, therefore, defines the velocity of chemical reaction at any time t after the onset of the stimulus as When rt is large, ert/(e rt -1) approximates unity; viz, when rt = 3, the value of this function exceeds 1 by about 5070 only. Variation in t in the range of rt values >3 will produce negligible difference in the estimated values of DX, in both Equations 7 and 8 defined for difference and absolute limen. The proposed relations, therefore, conform with the constancy relation for large values of t as well.
The proposed formulations are thus capable of explaining the outcomes both in the small and large values of t under a single set of principles.
CONCEPT OF CRITICAL DURATION
The outcomes in the intermediate range of t values are not accounted for either by the reciprocity relation or the constancy relation. Since no suitable mathematical function could be defined to interpret the outcomes in this range, it is described as a critical duration "le" at which the character of the receptor mechanism is believed to undergo some functional changes in its transition from the reciprocity relation to the constancy relation.
The inexplicable changes in the intermediary range of t values are, however, duly predicted under the proposed function. It clearly brings out that the rate of change in X or DX with t does not conform either to the reciprocity relation or to the constancy relation for values of r t between .25 and 2.5. The concept of critical duration seems to have primarily arisen because too much faith is placed on the two .empirically defined functions which do not truly characterize the phenomenon. It seems that these functions may be representing near approximations in different ranges of t values of a better articulated function capable of accounting for the outcomes for the entire range of t values under the same set of principles. The proposed formulations thus demonstrate that the concept of critical duration is unwarranted and seems to be misconceived.
If an accumulation of a constant small amount of x is required for threshold awareness, this expression can be written as where C and D are constants and are equal to x/k.Ia-vx)!" and k 2·x n/k.(a-x)ffi, respectively (see Bartlett, 1965) .
Hecht argues that, in Equation 13, when t is small, D· t almost equals zero, and, therefore, L· t = C for small values of t. This defines the reciprocity relation when t is small. When, however, t is large, Cit Hecht (1934) has tried to explain the apparently different outcomes for small and large values of t under his own hypothetical photochemical model. He has, however, not been very successful in this; the reasoning which he employs is rather faulty and mathematically unsound. Hecht (1934) presumes that the light impinging on the retina acts on some light-sensitive substance, S, so as to break it down into primary photoproducts, P + A, etc. The rate of change in the concentration of photoproducts was presumed to depend on the luminance L of the stimulus input and on the concentration (a -x) of S, where "a" is the total concentration of the photochemical substance in the recep- Relation 15 is validated against the data of Graham and Margaria (1935) which are reproduced in Table 1 . In fitting the function, the best fitting linear regresin Equation 13 would be almost zero, and hence L would be approximately equal to D; it defines the constancy relation for large values of t.
HECHT'S FORMULATIONS
Hecht's reasoning, however, is faulty. In the first instance, he is not justified in assuming that dx/dt, the velocity of chemical reaction, as defined by him, equals x/t. This could be true only when x, the accumulated chemical product, is directly proportional to t. Even when assuming that the relation will approximately hold when t is small, Function 13 deduced under this assumption, then, could not be interpreted to define the outcomes for large values of t. Second, the rate of change in L with increasing t under Function 13 is inversely proportional to e for all values of t; as such, there does not seem to to be any justification to interpret the rate of change in L in one manner for small values of t and in an altogether different manner for large values of t. The rate of change in L certainly decreases with increasing t under the Relation 13, but it does not imply that the character of the functional process materially changes from the reciprocity relation to constancy relation at some stage. The deductions made by Hecht under his formulations are, therefore, not at all convincing. Graham and Kemp (1938) sion equation is defined by choosing an appropriate value of the parameter r which maximized the correlation between the variables log X and log ert/(e rt -1). Graham and Margaria (1935) . tion and the constancy relation. The significant feature demonstrated by the proposed function is that it shows an equally good fit for the entire range of t values, as anticipated. The best fitting values of the parametric constants also seem to be quite meaningful. The value of parameter r is found to decrease with increasing area of retinal stimulation. It signifies that the negative opposing process conceived under the model becomes weaker as the area of retinal stimulation increases. This, in a way, seems to account for summation effects in the visual sense. The best fitting value of log C in Equation 15 also decreases with increasing area of retinal stimulation. It is in congruity with lower threshold intensities as the area of retinal stimulation increases.
In view of the above findings, it is reasonable to infer that the proposed function has the potential of systematizing the time-intensity relation for absolute thresholds in the visual sense more intelligibly than is possible under the currently accepted dichotomy. 
Note-Observed values of DX from the data of Grahamand Kemp (1938).
*C = Correlation between (X + oxntx» and ert/(e rt -1).
VALIDATION AGAINST DIFFERENCE LIMEN DATA
The validity of Function 7 defining the relation between DX and t is examined against the data of Graham and Kemp (1938) . They present the variations in jnds for seven exposure durations from 2 to 500 msec for 11 adapting luminances in the range from -2.75 to 2.27 log mL. The results of their experiment are reproduced in Table 3 . The first set of observations for the log intensity of 2.27 mL is not included in the computations, since it offers only six values of DX as against seven in others. Table 4 presents the observed and estimated magnitudes of DX for the 10 sets of data.
Since no direct method could be employed to determine the best fitting values of the parametric constants rand n in the proposed function, their values are based on a rough estimate such that they would define fairly satisfactory correlations between the functions (X+DXt/X n and ert/(ert-1). There is, therefore, a further scope for improvement in achieving a better fit with more rigorously defined values of rand n in each set of the observations.
In fitting the proposed function to observed data, the correlations between the functions (X + DX)n/x" and ert/(e rt -1), with appropriate choice of values of rand n, are found to be of the order of .999 for each set of observations. This represents a fairly good fit of the proposed function to observed data.
The proposed function is not so meticulously defined that it may be able to cope with the unexpected increments in DX for the extreme value of t, i.e., for t = .5 sec. This departure in DX values for large stimulus durations away from the general trend could perhaps be explained under a more rigorously defined function which would give a due weighting to the appreciable changes in adaptation level with continued stimulation (Helson, 1947 (Helson, , 1948 . Table 5 presents estimated magnitudes of DX when the last observation corresponding to t = .5 sec in the data is not included in computations. When the last observation is left out, the error component in the estimated magnitudes of DX is very much reduced, and a better fit under a theoretically defined function could not be anticipated. What is more important, there is a reasonable consistency in the estimates of parametric values of rand n for different sets of observations. In fact, choosing the same set of values of rand n, viz, r = 30 and n = .8, yields correlations in the range of .9957 to .9999 between (X + DX)n/x" and ert/(e rt -1) for different luminances. The estimated values of DX under a uniform set of values of rand n for different sets of data are presented in Table 6 . The fit of the proposed function, even under a uniform set of values of rand n, to the entire set of data is fairly satisfactory. It shows that the conformity of the proposed function to a small number of observations in each set of data is not simply a matter of accident; it seems, rather, to reflect a sound theoretical proposition which is capable of defining the outcomes satisfactorily in the entire range of t values for different stimulus intensities.
DISCUSSION
This paper clearly demonstrates that the functional relations proposed here between C and t for the absolute limen, and DX and t for difference limen, show a much better fit with observed data than is possible under the reciprocity and constancy relations at different ranges of t values. The proposed function, in addition, is equally capable of accounting for the outcomes in the intermediary range of t values for which no suitable empirically defined function exists in current psychophysics. What is more important, the proposed functions are deduced .00284
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under some very simple and rational assumptions characterizing the basic features of intervening neural excitations. Thus, they have a sound theoretical base unlike the empirically defined reciprocity and constancy relations. The theoretical and empirical validity of the proposed formulations, as demonstrated in this paper, is meaningful. It draws our attention to the shortcomings of current theories in psychophysics, and substantiates the possibility of interpreting diverse psychophysical phenomena under a single unified set of principles.
